We present high-resolution multiwavelength radio continuum images of the region within 150 of Sgr A*, revealing a number of new extended features and stellar sources in this region. First, we detect a continuous 2 east-west ridge of radio emission, linking Sgr A* and a cluster of stars associated with IRS 13N and IRS 13E. The ridge suggests that an outflow of east-west bloblike structures is emerging from Sgr A*. In particular, we find arc-like radio structures within the ridge with morphologies suggestive of photoevaporative protoplanetary disks. We use infrared K s and L fluxes to show that the emission has similar characteristics to those of a protoplanetary disk irradiated by the intense radiation field at the Galactic center. This suggests that star formation has taken place within the S cluster 2 from Sgr A*. We suggest that the diffuse X-ray emission associated with Sgr A* is due to an expanding hot wind produced by the mass loss from B-type main sequence stars, and/or the disks of photoevaporation of low mass young stellar objects (YSOs) at a rate ∼ 10 −6 M yr −1 . The proposed model naturally reduces the inferred accretion rate and is an alternative to the inflow-outflow style models to explain the underluminous nature of Sgr A*. Second, on a scale of 5 from Sgr A*, we detect new cometary radio and infrared sources at a position angle PA∼ 50
which is similar to that of two other cometary sources X3 and X7, all of which face Sgr A*. In addition, we detect a striking tower of radio emission at a PA∼ 50
• − 60
• along the major axis of the Sgr A East SNR shell on a scale of 150 from Sgr A*. We suggest that the cometary sources and the tower feature are tracing interaction sites of a mildly relativistic jet from Sgr A* with the atmosphere of stars and the nonthermal Sgr A East shell at a PA∼ 50 − 60
• withṀ ∼ 1 × 10 −7 M yr −1 , and opening angle 10 degrees. Lastly, we suggest that the east-west ridge of radio emission traces an outflow that is potentially associated with past flaring activity from Sgr A*. The position angle of the outflow driven by flaring activity is close to −90
• which is different than the PA∼ 60
• of the radio ridge.
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Introduction

A 4×10
6 M black hole is coincident with the compact nonthermal radio source Sgr A* at the center of the Galaxy (Ghez et al. 2008; Gillessen et al. 2009; Reid and Brunthaler 2004) . The estimated mass accretion rate onto Sgr A* is several orders of magnitude smaller than the rate at which young, windy stars in the innermost 0.5 pc supply mass to the Bondi radius of Sgr A* (Coker & Melia 1997; Cuadra et al. 2006 Cuadra et al. , 2008 . Chandra observations have characterized the X-ray emission surrounding Sgr A* to be spatially extended with a radius of ∼1.5 (Baganoff et al. 2003; Wang et al. 2013) . The X-ray luminosity is interpreted as arising from a radiatively inefficient accretion flow (RIAF, e.g. Yuan et al. 2004; Moscibrokzka et al. 2009 ). In this model, a fraction of the gaseous material accretes onto Sgr A* and the rest is driven off as an outflow from Sgr A* (e.g., Quataert 2004; Shcherbakov and Baganoff 2010; Wang et al. 2013) . Another mechanism that may reduce the accretion rate is interaction with a jet or an outflow limiting the amount of gas falling onto Sgr A* (Yusef-Zadeh et al. 2014a), thus modifying the accretion flow. In this picture, the interaction of the outflow with the surrounding gas or the atmosphere of mass-losing stars can provide an estimate of the power of the outflow.
Two different types of activity are associated with Sgr A*. One is flaring on hourly time scale at multiple wavelengths (e.g., Baganoff et al. 2001; Genzel et al. 2003) . Observations of Sgr A* have detected a time delay at submm, mm, and radio wavelengths consistent with a scenario in which plasma blobs expand away from the disk, becoming visible at successive longer wavelengths as the optical depths become of order unity effects (Yusef-Zadeh et al. 2006 , 2009 Marrone et al. 2008; Eckart et al. 2008; Brinkerink et al. 2015) . The other is a jet-driven outflow (e.g., Falcke & Markoff 2000) . Unlike the flare activity, the existence of a jet from Sgr A* has not been firmly established because of the complex thermal and nonthermal structures in this confused region of the Galaxy. At least five independent investigations based on X-ray, near-IR, and radio observations have suggested that a jet is emanating from Sgr A*. These studies have found discrepant values for the jet position angle (PA) and inclination (Markoff et al. 2007; Broderick et al. 2011; Zamaninasab et al. 2011; Muno et al. 2008; Li et al. 2013; Yusef-Zadeh et al. 2012; Shahzamanian et al. 2015) . It is possible that some of the gas approaching Sgr A* is pushed away as part of an expanding hot plasma driven by flaring and jet activity, resulting Sgr A*'s low radiative efficiency. Thus, the presence of collimated structures from Sgr A* is critical in distinguishing between the competing accretion and outflow models.
The Galactic center is a challenging region in which to image a radio jet or a flare close to Sgr A*, because of the limited spatial resolution and dynamic range caused by confusing sources, scatter broadening, and intrinsic temporal variability of Sgr A* on hourly time scales (e.g., Bower et al. 2014) . Here we present sensitive observations of the Galactic center at multiple radio frequencies obtained using the improved broad-band capability of the VLA, finding new radio structures interpreted to be associated with Sgr A* activity.
On a scale of a few arcseconds from Sgr A*, we identify a ridge of east-west radio emission which bends toward the SW in the direction away from Sgr A*. This ridge, which is detected to the west of Sgr A*, shows a number of blobs and arc-like features surrounded by a diffuse plume-like structure. We interpret that the plume-like feature as arising from flaring activity, thus produces an outflow from the direction of Sgr A* on a scale of ∼0.1 pc, with an opening angle of ∼ 35
• . The position angle of the outflow driven by flaring activity of Sgr A* is consistent with the east-west elongation of Sgr A* observed on milliarcsecond (mas) scale (Bower et al. 2015) . A large number of stars being members of the so-called "S-cluster" 1 also lie along the ridge. We compare infrared and radio images of the ridge and argue that bow-shock structures detected within the inner 2 of Sgr A* are proplyd candidates. We show that radio sources with comparable scale size to those associated with proplyds can not be simply blobs of dusty ionized gas but are associated with a reservoir of hot dust surrounded by ionized gas.
On a larger scale, within two arcminutes NE of Sgr A*, we find new cometary sources (F1, F2 and F3) pointing toward Sgr A* and a large-scale tower-like structure associated with the Sgr A East supernova remnant (SNR) 150 from Sgr A*. The position angle of these new structures is similar to two other IR-identified cometary sources, X3 and X7, found to the SW of Sgr A* (Muzic et al. 2007 (Muzic et al. , 2010 . One interpretation that we put forth is that these features could be the result of a jet from Sgr A* interacting with the atmosphere of dusty stars near Sgr A* and with the Sgr A East shell, respectively.
In addition, we suggest that the diffuse X-ray emission centered on Sgr A* arises through hot gas created by the collision of stellar winds from B stars in the S-star cluster or young low-mass stars (c.f. Loeb 2004) . This nuclear wind created by mass-losing stars near Sgr A* produces hot expanding X-ray gas (c.f. Quataert 2004 ) that excludes the shocked winds from O and WR stars in the central parsec of the Galaxy and prevents accretion onto Sgr A*.
Meanwhile Sgr A* accretes material from the cluster winds at a much lower rate potentially explaining the low luminosity of Sgr A* without the ejection of a large fraction of the accreted material.
Observations and Data Reduction
Radio Data
Multi-wavelength radio continuum observations were carried out with the Karl G. Jansky Very Large Array (VLA) 2 in its A-configuration at 44, 34.5, 8.5, 5.5 and 1.4 GHz during March and April 2014. Table 1 gives columns of the date, center frequency, bandwidth, the number of subbands (IF), the number of channels, and the spatial resolution of each observation. In all observations, we used 3C286 to calibrate the flux density scale, 3C286 and J1733-1304 (aka NRAO530) to calibrate the bandpass, and J1744-3116 to calibrate the complex gains. The broad 8 GHz bandwidths at 34 and 44 GHz, 2 GHz bandwidths at 5 and 14 GHz, and 1 GHz bandwidth at 1.4 GHz provide a significant improvement over earlier observations that had only 100 MHz of bandwidth. We observed Sgr A* using the 3-bit sampler system at 34 and 44 GHz, which provided full polarization correlations.
Infrared Data
Details of the near-IR observations and data reduction of the Galactic center at K s and L bands, central wavelengths 2.18, and 3.8 µm, respectively, were recently given in . These observations used adaptive optics and were acquired with VLT/NACO 3 , with a pixel scale of 0.027" per pixel. L -band observations were obtained in speckle mode using five fields with different pointing and depths. Field 1 was centered on Sgr A*, and Fields 2-5 were offset by approximately 20 to the northeast, southeast, southwest, and northwest, respectively. Standard near-IR image data reduction was applied followed by combining individual pointings into large mosaics. In the case of the L image, the speckle holography technique, as described in Schödel et al. (2013) , was applied to the thousands of obtained speckle frames to create final high-Strehl images for each pointing. Finally, we calibrated the images astrometrically by using the positions and proper motions of SiO maser stars in the Galactic center (Reid et al. 2007) .
Imaging data in M -band were taken with NACO/VLT in 2003 . We retrieved the data from the ESO archive. Chopping was used for background subtraction. The images were flat-fielded and corrected for bad pixels. Since the chop throw was small in all observations (due to technical limitations at the VLT) the images from the individual epochs show strong negative residuals from stellar and diffuse sources in the off-target chop positions. However, some dithering was applied during the observing runs and the initial pointing as well as the chopping angle were different for the different observing epochs. Therefore, residuals could be effectively removed by averaging the images from all observing epochs; the images were sub-pixel shifted onto a common position of the centroid of the star IRS 16C and median combined. Any remaining artifacts from chopping were effectively removed by rejecting the lowest 20% at each pixel before calculating the median value. Approximately 12000 frames, each with 0.056 s integration time, were combined, corresponding to an accumulated exposure time of about 800 s. The photometry was calibrated by assuming constant extinction between the L and M bands and the same magnitudes at both bands for the sources IRS 16C and IRS 16NW. Their L'-band fluxes were taken from Schödel et al. (2010) . The uncertainty of the zero point was estimated to be 0.15 mag.
Results
Because of better sensitivity to detect weak radio emission, we first present newly recognized features within a few arcseconds of Sgr A* and then compare the positions of near-IR identified stellar sources with radio data. Lastly, we present large structures on a scale between a few arcseconds to two arcminutes surrounding Sgr A* and identify new features associated with the Sgr A East SNR shell.
Small Scale Radio Features
3.1.1. The Sgr A* Radio Ridge Figure 1a ,b show images of the inner 10 of Sgr A* at mean frequencies (wavelengths) 34.5 GHz (9mm) and 14.1 GHz (2cm). Prominent stellar and ionized features are labeled. These images reveal a ridge of emission to the west of north of Sgr A* extending for about 1.5-2 at position angles ranging between ∼90 and −125
• . This ridge of emission, which was previously detected in low resolution images at 8 GHz (Wardle and Yusef-Zadeh 1992) links Sgr A* to the western edge of the minicavity, an ionized feature with a diameter of 2 . The western edge of the minicavity coincides with the two stellar clusters IRS 13N and IRS 13E. The Sgr A* radio ridge consists of a number of blob-like and arc-like structures with angular scales of 0.2-0.5 . The two arc-like structures coincide with source which has been detected in earlier narrow bandwidth images with low spatial resolutions at 15 GHz (Yusef-Zadeh et al. 1990; Zhao et al. 1991) . To illustrate the asymmetric nature of the ridge structure, Figure 1c shows a saturated image of the region shown in Figure 1a ,b. We interpret that this structure has an opening angle of ∼ 35
• pointed in the direction toward W and SW from Sgr A*. Figure 1d shows another 34.5 GHz rendition of the ridge of emission in reverse color, but at higher resolution than that of Figure 1a . The images at multiple frequencies confirm the reality of blob and arc-like structures along the ridge. Note the diffuse plume-like structure, as drawn schematically on Figure 1a , surrounding the blob and arc-like structures.
The widening of the plume-like structure away from Sgr A* suggests that a plume of gaseous material is moving outward and expanding away, suggesting that Sgr A* is responsible for the ridge. Proper motion measurements of the brightest source in the ridge indicate high velocity ionized gas moving away from Sgr A* to the SW (Zhao et al. 2009 ). This radio ridge appears distinct from the ionized gas associated with the mini-spiral HII region orbiting Sgr A* and is not confused with numerous dusty stellar sources and diffuse emission found in mid-IR images of this region. Future high resolution proper motion, polarization and spectral index measurements of the ridge will provide additional constraints in the claim that this feature is associated physically to Sgr A*.
Radio Emission from the S Cluster
The region within ∼2 of Sgr A* where the ridge of radio emission and the plume-like structure are detected, is adjacent to the S-cluster. This cluster consists mostly of young, early type stars with orbital periods of 10 to a few 100 years. The kinematics of the stars in the cluster, which following other workers we refer to as "S stars , have been used to measure the mass of Sgr A* (Ghez et al. 2008; Gillessen et al. 2009) . Figures 2a,b show contours of 34.5 GHz emission and a grayscale image of a region of 3.5 × 2.5 centered on Sgr A*. Figure 2c shows contours of 5.5 GHz emission superimposed on a grayscale image. The crosses on Figure 2a ,c correspond to eight radio sources RS1-8 found in the plume-like region to the west of Sgr A*.
The trajectories of young stars are known from proper motion measurements in the near-IR. To see if these stars have radio continuum counterparts, their positions at the epoch of our 34 GHz observation on March 9, 2014 March 9, (2014 have been calculated based on proper motions and orbital accelerations derived from near-IR observations (Gillessen et al. 2009; Lu et al. 2006; Yelda et al. 2014) . Tables 2, 3 give the positions of S cluster and their corresponding positional uncertainties at the epoch of 2014.19 and from two different catalogs (Gillessen et al. 2006; Lu et al. 2009) . Table 4 Table 5 lists Gaussian-fitted positions of 8 radio sources (RS1-8) embedded within the diffuse extended emission associated with the Sgr A* ridge and the plume-like structure at 34 GHz (see Figs. 1 and 2 ). Entries in columns 1 to 9 give the name of the source at 34 GHz, alternative names in the literature, the RA and Dec, the angular distance from Sgr A* in increasing order, positional accuracy, the peak intensity and the flux density that are associated with these sources. Figure 3a ,b superimpose contours of radio emission on a 34 GHz grayscale image, with crosses indicating the positions of the stars in the S cluster for which orbits have been determined by Gillessen et al. (2009) and Lu et al. (2009) , respectively. Many of the S-stars, as noted in Figure 3a , are projected against the bright, scatter-broadened radio source Sgr A* and the diffuse emission from the Sgr A* ridge, thus they can not be discerned at radio wavelengths. The comparison of radio sources (RSs) listed in Table 5 with stellar sources given in Table 2 indicates that RS1, RS2 and RS3 lie within the 1σ position of S33, which is an early type star (Gillessen et al. 2009 ). These radio sources appear compact but they are embedded within the extended emission from the ridge of emission (see Fig. 2b ) so it is not clear if these sources are radio counterparts to S33 unless we measure the proper motion of radio sources. If these radio sources are not randomly coincident with S33 and are associated with stars, we can determine the mass loss rate from the ionized winds. The radio emission is assumed to arise from S33 with a flux density of ∼ 0.2 mJy at 34.5 GHz and is due to a spherically-symmetric, homogeneous wind of fully-ionized gas expanding with a constant terminal velocity ∼700 km s −1 (Panagia & Felli 1975) . The mass loss rate of S33 is estimated to beṀ = 2 × 10 −6 M yr −1 . Clumpiness of the ionized wind would reduce this estimate. Figure 3c shows a grayscale 34 GHz image in negative and labeled with the positions of those stars for which orbits have been determined by Yelda et al. (2014) . We note several prominent young stars, IRS 16SW, IRS 16NW, IRS 16C, that are not members of the S-cluster but have radio counterparts (Yusef-Zadeh et al. 2013) . Figure 3d shows the distribution of stars over the area shown in Figure 3c at 3.8µm. The crosses correspond to the position of stars (Yelda et al. 2014) at the epoch that radio data were taken. Apart from stars labeled on this figure, the spectral classification of remaining faint sources is unknown. These faint sources are possibly late-type stars associated with the evolved nuclear cluster or young low-mass stars (see §4). Five near-IR stellar sources A-E are labeled on Figure 3d and will be discussed below.
3.1.3. Bow Shock-like Radio Sources RS5 and RS6 Figure 4a ,b,c show the relative position of 34.5 GHz sources RS5 -RS8 and 3.8 µm and 2.18 µm sources A -D with respect to each other. Two of the newly detected radio sources in the ridge, RS5 and RS6 located ∼ 1.6 from Sgr A* (see Fig. 2 ), are partially resolved, with size scales ranging between 850 to 1200 AU. A close-up views of these arc-like structures are shown in Figure 4a whereas Figures 4b,c show contours of 3.8 and 2.18µm emission superimposed on a 34.5 GHz image, respectively. A comparison of radio with near-IR images reveals that the arc-like structures RS5 and RS6 have 3.8µm counterparts with a bow shock morphology. There are two near-IR stellar sources, S1-22 (Lu et al. 2009 ) and a stellar source A, as labeled on Figure 4c . S1-22 lies at the apex of a bow shock-like structure and is an early type star which is projected against the extended radio emission associated with RS6. Star A has no radio counterpart, and is not identified in any catalogs of early type stars near Sgr A*. It is unlikely that star A is associated with RS6 for two reasons. First, proper motion measurements indicate that star A is moving to the NW with a velocity of 117±16 km s −1 (Schödel et al.2009 ). The proper motion of ionized gas associated with the blob which coincides with RS5, RS6 and RS7 is ∼ 338 ± 21 km s −1 to the SW (Zhao et al. 2009 ). Second, it is unlikely that a late-type star could have a stellar wind strong enough to produce the observed stand-off distance of the bow-shock's apex, ∼6 milliparsec (mpc). This requires a Wolf-Rayet star (Tanner et al. 2005; Sanchez-Bermudez et al. 2014) . Thus, it is unlikely that star A is associated with the bow-shock structure RS5.
As for S1-22, the proper motion data gives a tangential velocity of ∼326 km s −1 to the SE (Yelda et al. 2014) . Radio proper motion measurements have a coarse arcsecond spatial resolution , giving the proper motion of RS5, R6 and RS7, when compared to those of near-IR sources. In spite of the difference in resolution between radio and near-IR proper motion measurements, the magnitude of radio proper motion of RS5, RS6 and RS7 is similar to that of S1-22. Thus, it is possible that S1-22 is physically associated with RS6 with the standoff distance of ∼4 mpc.
In addition to star A, three 3.8µm sources B, C and D, labeled on Figures 4b,c, are not found in the catalogs of early type stars. RS7 and RS8 are likely to be radio counterparts to source B, and C, respectively. A radio source with a flux density of 58 µJy at 34 GHz is detected at the position of source D which lies in an extended region associated with the ridge. The bright radio sources B and D are clearly stellar sources since they are detected at L and K s bands. The offsets seen in the position of radio and near-IR sources could have a contribution from proper motion of individual sources. The near-IR images at 2.18 and 3.8µm were taken during June and September 2012 whereas the 34.5 GHz data was taken on March 9, 2014. The L sources associated with RS5, RS7 (or source A), RS8 (or source B), and D, lie to the SSE of their radio counterparts, suggesting either correlated motion, coincidence, or a systematic error in the image registration arising because the radio and infrared images are taken at different epochs. We compared Gaussian fitted positions of B, C and D at 34.5 GHz and L band and found 3.4 and 3 sigma offsets to the north in the positions of stars B and D and their radio counterparts, respectively. We also compared the positional offset for IRS 16C and its radio counterpart and determined that this implies a proper motion of IRS 16 that is roughly twice higher the actual value determined at radio and infrared wavelengths (Lu et al. 2009; Yusef-Zadeh et al. 2015a ). Thus, we can not establish that radio sources are counterparts to stellar sources. Given the offsets in positions and the non-detection of source C in K s , it is just possible that the radio sources are gas blobs and are not directly associated with stars. However, it is not clear how gas blobs near Sgr A* could survive the tidal shear of Sgr A* unless they have densities that withstand the tidal shear or that they are transient (Yusef-Zadeh et al. 2015c) .
Large Scale Features
Cometary Sources F1 and F2
There are two known cometary sources, X3 and X7, lying within 3 to the SW of Sgr A* at near-IR wavelengths. X3 is located ∼ 3 from Sgr A* (Muzic et al. 2007 (Muzic et al. , 2010 showing tail-head structure pointing toward Sgr A*. It has a radio counterpart at 44 GHz (source 16 in Yusef-Zadeh et al. 2014b) and a peak flux density 0.22 mJy beam −1 at 34.5 GHz. The second cometary source X7 (Muzic et al. 2007 ) is identified in Figure 3d as source E at near-IR. This cometary source also points toward the direction of Sgr A*. A compact 34.5 GHz source with a peak flux density of 100 µJy is detected at the position of source E 0.7 from Sgr A*. This source lies too close to Sgr A* where the noise increases near the bright source Sgr A*, thus, structural details of this source are not clear at radio wavelengths. We detect a third radio source with a cometary morphology similar to X3 and X7. Unlike X3 and X7, this source, which we denote F1, lies 4.8 to the NE of Sgr A*. Figure 5a ,b show grayscale contours of this cometary feature at 34.5 GHz and 3.8µm, respectively. F1 has an extent of 0.65 × 0.25 (length × width) with an integrated flux density of ∼ 2 mJy and background subtracted peak intensity of 416 mJy per (0.12 ) 2 at 34.5 GHz and 3.8µm, respectively. Figure 5c shows a large view of the region which includes X3, X7, the radio cometary feature (F1) and the MIR cometary feature (F2) at 4.68 µm in reverse color. We note a gap in the region to the NE of Sgr A* where F1 is detected. This gap appears to be devoid of dust emission at MIR. The MIR gap can also be identified at radio in Figure 1b . However, the lack of short uv spacings may contribute in suppressing the emission from the bright source Sgr A*. A close up view of infrared emission at M band from the inner 3 × 3 of Sgr A* is shown in the inset to the right of Figure 5c . An additional cometary feature is detected at MIR to the NE of IRS 16C in the inset. This source, which we call F2, is well within the MIR gap and lies along the direction where X3, X7 and F1 are located.
Lastly, an additional radio source ∼ 13 NE of Sgr A* shows a head-tail structure pointing toward Sgr A*. This radio feature shows a tail feature with an extent of ∼ 0.6 at the PS∼ 57
• . The peak flux density of this source which we call F3 is 0.32 mJy beam −1 at 34.5 GHz with a spatial resolution of 89 × 46 mas. This source has been detected in the L band as IRS 5 SE (Perger et al. 2008 ). This source is interpreted as a stellar bow-shock resulting from the interaction of a masss-losing stars and the minispiral.
Sgr A East Tower
The nonthermal radio source Sgr A East is a young shell-type SNR with an angular size of 2.7 × 3.6 and a spectral index α=0.76, where the flux density S ν ∝ ν −α (Ekers et al. 1983; Yusef-Zadeh & Morris 1987; Pedlar et al. 1989) . Thermal X-ray emission is concentrated in the interior of the remnant suggesting that Sgr A East is a mixed morphology SNR interacting with the 50 km s −1 molecular cloud (Maeda et al. 2002; Park et al. 2005 ). The thermal X-ray emitting plasma has two components, characterized by temperatures of 1 and 6 keV and corresponding electron density of 4.7 and 0.6 cm −3 , respectively. (Park et al. 2005; Koyama et al. 2007) . A candidate neutron star CXOGC J174545.5-285829 (the cannonball) detected in X-ray and radio has also been associated with the remnant (Park et al. 2005; Zhao et al. 2013 ).
Our broad band 1.5 GHz image of Sgr A East provides a wealth of details associated with Sgr A East and the surrounding environment. Figures 6a,b show large scale views of Sgr A East displayed with two different grayscale levels at 1.5 GHz. The major axis of the Sgr A East shell is along the Galactic plane. A number of new features are detected in this complex region. Here we describe three new features. One is a distorted region to the NE of the Sgr A East shell, 100 E and 80 N of Sgr A*. A striking tower-like structure with an extent of 100 appears to emerge from a gap in the brightness distribution of Sgr A East. The base of this tower is about 20 − 25 across with mean flux density of ∼ 2.8 mJy per 1.39 × 0.6 beam at 1.5 GHz. The base narrows as it extends to the NE with a position angle of ∼ 50
• . A schematic diagram of these features is shown in Figure 6c . The tower is terminated by two bow-shock-like structures. Grayscale contours of these are displayed in Figure 7a .
The second feature is the polarized source P1 which was first identified at 8 GHz (YusefZadeh et al. 2012) . At 1.5 GHz, P1 is resolved into two linear structures (see the total intensity image in Figure 6b ), that appears to cross each other at right angles. One of the linear features has a PA∼ 50
• , as shown in Figure 7b . Lastly, the region surrounding the polarized source P4 (Yusef-Zadeh et al. 2012 ) is shown at 1.5 GHz in Figure 7c . This elongated feature extents for 20 at 1.5 GHz with a position angle of ∼ 50
• . A number of blob-like structures were previously reported to the NE of this feature (Yusef-Zadeh et al. 2012).
Other Features
A Semi-linear Feature
We identify a striking semi-linear radio continuum feature projected perpendicular to the radio Sgr A* ridge 4 . Figure 8a shows a 5.5 GHz image that reveals roughly uniform brightness ∼ 0.5 mJy per 0.5 × 0.27 beam. The semi-linear feature appears to arise from the ionized bar as it curves concave toward Sgr A*, crosses the ridge at an angular distance of ∼1 west of Sgr A*, and continues to the north of Sgr A*. To highlight this structure, white dashed lines are drawn along this radio feature. The semi-linear continuous structure has an extent of 5 and width of 0.5 , becoming wider and more diffuse as it extends to the north of Sgr A*. The Northern arm shows a discontinuity, as it approaches Sgr A*, which is best seen at α, δ (J2000) = 17 h 45 m 40.18 s , −29
• 0 29 in Figures 1a-c. The elongated features makes a 90
• change to the south in its direction as it approaches Sgr A* (see the schematic diagram in Fig. 9 ). The kinematics of ionized gas show that the radial velocity of this elongated feature is close to zero km s −1 but changes by ∼200 km s −1 close to the location of the discontinuity (Zhao et al. 2009 ).
The Minicavity and the Bar
The bar of ionized gas lies a few arcseconds to the south of Sgr A* where the Eastern and Northern arms of Sgr A West cross each other. High spatial resolution images of the ionized bar show a minicavity of ionized gas with high velocity dispersion Roberts et al. 1996; Zhao et al. 2009 ). Figure 8b shows a larger area of the Eastern arm and the minicavity at 34 GHz. The mini-cavity and the Eastern arm are distinct from the North arm. High resolution observations have shown that the minicavity extends further to the SE (Zhao et al.1991) . The new images show that a gap separates the eastern and western halves of the minicavity and that the North and East arms are two distinct features associated with the eastern and western halves of the mini-cavity, respectively. The structure of the Eastern arm has a wavy appearance with a wavelength of 2 −4 as its extends along the western half of the minicavity. Figure 9 shows a schematic diagram of the small and large-scale features revealed in the inner 50 of Sgr A*.
A Bent Filament
Figures 10a,b show the large-scale area at 1.5 and 5.5 GHz, respectively. A striking filamentary structure is seen within a cavity of ionized gas to the north of Sgr A*. This bent and narrow filament resembles the nonthermal radio filaments seen throughout the Galactic center (e.g., Yusef-Zadeh et al. 2004; Nord et al. 2004) . The southern end of this filament is pointed toward Sgr A*. Figure 10c,d show details of the bent filament at 1.5 GHz at two different resolutions indicating that the filament may experience another bend at ∼ 2 to the N of Sgr A*. Because of the large angular size of Sgr A* induced by scatter broadening at 1.5 GHz, it is not clear if there is additional change in the position angle of the bent filament in the inner 1 of Sgr A*. Figure 10e shows grayscale contours of 8.9 GHz emission from the filament. The surface brightness of the filament at 1.5 GHz is ∼ 3 mJy beam −1 as it bends to the NW (see Fig. 10 ). The length of this filament at 1.5 GHz is ∼ 25 . The width of the filament is unresolved at 1.5 GHz but is partially resolved at roughly 0.3 at 8.9 GHz. The cavity in which this bent filament lies, as best revealed in Figure 10c , is dark and devoid of diffuse ionized gas at 1.5 GHz. This cavity has a cone-shaped structure and the cometary supergiant star IRS 7 (Rieke and Rieke 1989; Yusef-Zadeh et al. 1989; Serabyn et al. 1991; Yusef-Zadeh & Melia 1992 ) is seen within the cone structure at 5.5 GHz.
The bent filament lies in a region with varying background emission, thus accurate determination of the spectral index is not possible. Approximately accounting for the background flux, the surface brightness is ∼3-4 mJy beam −1 at 5.5 and 1.5 GHz, implying a flat spectrum between these frequencies. The sensitivity at 34 and 44 GHz is not sufficient to detect the bent filament. The origin of the bent filament is unknown, though its morphology gives the best jet-like appearance that may be originated within 1 of Sgr A*. It is also possible that this filament is a member of the population of nonthermal radio filaments found in the Galactic center such as the linear filaments found within the inner few arcminutes of Sgr A* where the Sgr A East SNR lies (Yusef-Zadeh et al. 2004; Nord et al. 2004) . Future Future high resolution measurements at low frequencies including proper motion observations are required to constrain the nature of this bent structure.
Discussion
Here we discuss four aspects of the new structures found near Sgr A*. First, we interpret the arc-like sources in terms of recent low-mass star formation activity within 2 of Sgr A*. Second, we explain the origin of hot X-ray gas within the S cluster as arising from colliding winds from mass-losing stars, either from low-mass YSOs or young B stars in the S cluster or both, and estimate the accretion rate onto Sgr A*. Third, we argue that the cometary radio structures and the Sgr A East tower are signatures of an interaction between a collimated outflow from Sgr A* with a PA∼ 50
• with the stellar envelopes and ionized gas along the path of the jet. The consequence of this interaction infers not only the mass loss rate from Sgr A* but also provides a lower bound on the accretion rate onto Sgr A*. Fourth, the ridge of radio emission is interpreted as due to past flaring activity associated with Sgr A*.
Proplyd Candidates Near Sgr A*?
The nature of the radio sources within two arcseconds of Sgr A* is not clear. Two arc-like radio sources RS5 and RS6 resemble the bow-shock sources found at 34 GHz about 20 away from Sgr A* (Yusef-Zadeh et al. 2015c). As displayed in Figures 4b,c, RS5 and RS6 have near-IR counterparts. Although there is an early type star S1-22 that may be associated with RS6, RS5 is not identified as a near-IR star in various catalogs (e.g., Lu et al. 2009 Lu et al. , 2013 . There is no evidence for a known young and massive star associated with RS5. RS5 has 3.8 and 2.18µm counterparts suggesting the the dust, traced by near-IR emission, and ionized gas, as traced at radio, are either intermixed, or else closely related through separate, as observed in photodissociating regions (PDRs). Because of the strong radiation field that produces high temperature of the ionized gas, as traced by radio emission, dust grains mixed in with ionized gas would have been evaporated. Thus, RS5 resembles the population of bow-shock sources that have recently been found 20 from Sgr A* and are interpreted as candidate photoevaporative protoplanetary disks (proplyds) associated with newly formed low-mass stars (Yusef-Zadeh et al. 2015c). The short expansion time scale and the low density of ionized gas associated with the arc-like structures provide strong arguments in favor of protoplanetary disks (Li & Loeb 2013; Yusef-Zadeh et al. 2015c ).
To examine the protoplanetary disk scenario, we compared radio and near-IR flux from RS5 and another proplyd candidate, the so-called P8 source (Fig. 2c in . P8 is among 44 proplyd candidates found within 25 of Sgr A*. Figures 11a,b show a horizontal slice that crosses RS5 and P8, respectively, at 35 GHz, and the L and K s near-IR bands. The arrows point to the location of proplyd candidates. The emission from RS5 in the three panels lies at pixel 25.29 with peak surface brightness of 0.31 mJy beam −1 (beam = 88×45 mas 2 ), 49 mJy pixel −2 (pixel size = 27 mas) and 1.5 mJy pixel −2 (pixel size = 27 mas) at 35 GHz, L , and K s , respectively. Similarly, the intensity profile of P8 is shown in Figure 11b with a low signal-to-noise emission at K s band. The arc-like sources are likely photoionized externally by the UV radiation field from the ∼ 100 OB and WR stars that lie within 10 of Sgr A*. We suggest that RS5 and P8 are proplyd candidates that are externally photoionized by strong sources of UV radiation.
Assuming that radio emission traces the ionization front of proplyd candidates, we use the flux at L and K s to determine the temperature of dust emission from the outer surface of a hot disk. We use the measured fluxes at K s and L bands to check that the emission is consistent with a protoplanetary disk irradiated by the intense radiation field in the inner Galaxy. The flux at frequency ν is given by
where T d is the dust temperature and τ λ = 6 × 10 −27 N H /λ H cm −3 is the optical depth (Draine & Lee 1984) and Ω is the solid angle of the source. Given Ω, the observed fluxes in the two bands determine the dust temperature T d and associated hydrogen column N H .
For RS5 we obtain extincted K s and L band fluxes of 1.5 mJy and 25 mJy, respectively. Infrared emission from RS5 traces dust emission from the protoplanetary disk candidate. The infrared emission is unresolved at K s band, implying that the solid angle is less than (27 mas)
2 , equivalent to radius R < ∼ 110 AU at 8 kpc. Adopting 3 magnitudes of extinction in K s band and noting that A λ ∝ 1/λ, equation (1) yields the extinction corrected K s and L fluxes for a dust temperature of 740 K in a layer at the disk surface with N H ≈ 1.5 × 10 20 cm −2 (R/100 AU) −2 . These values are reasonable providing that the external radiation field is strong enough. To check this, we note that the bolometric luminosity estimated from the 3.8 µm flux is 4πd
2 νS ν ≈ 200 L . Adopting a total luminosity L * ≈ 2 × 10 7 L in the inner 0.1 pc due to the population of hot stars surrounding Sgr A*, implies then the disk intercepts ∼ L * /(4π(0.1 pc)
2 ) × 2πR 2 ∼ 240 (R/100 AU) 2 L , suggesting that R ∼ 100 AU. Source P8 is less constrained with an extincted L band flux of 1.8 mJy, and a K s band upper limit of 0.5 mJy. This yields an upper limit on the dust temperature of 1250 K. The high dust temperature associated with RS5 and P8 imply that these ionized features are associated with a layer of hot dust and that they are not blobs of ionized gas. The luminosity and column density of gas estimated from near-IR data here are very similar to those made toward proplyds found in Orion (Shuping et al. 2006) . The EUV Lyman continuum ionization radiation from a smaller number of massive stars is estimated to be Φ ≈ 8 × 10 49 s −1 (Genzel, Hollenbach & Townes 1994) and for an assumed ∼ 0.5 pc distance from the source of ionization, the incident ionizing photon flux is Φ/(4π (0.5 pc)
2 ) ≈ 2 × 10 12 s −1 cm −2 . We also note that the peak flux densities of radio source RS5 is roughly five times stronger than those of distant proplyd candidates (P8 and P26 in , consistent with the suggestion that RS5 is photo-ionized by the stellar cluster near Sgr A*.
Another possibility is that these bowshock structure are blobs of ionized gas and hot dust that orbit around Sgr A* and have a short photoevaporative lifetime. As discussed by YusefZadeh et al. (2015) the photoevaporation time scale is ≈ 300 yr, unless there is a reservoir of neutral material associated with a low-mass star. In addition, the dusty blob must be bound by self gravity to avoid tidal disruption by Sgr A*. A distance of 0.1 pc from Sgr A*, the density of the blob must exceed n H > ∼ 10 11 cm −3 with a M ≈ 0.5 r 100 M . These values are sufficient for the collapse and formation of stars. To support our argument, we note that the G2 source was considered to be a cloud of dust and gas orbiting Sgr A* (Gillessen et al. 2012) . However, recent measurements suggest that G2 is unlikely to be an isolated cloud of gas and must have an embedded core, possibly a pre-main sequence star (Scoville and Burkert 2013; Witzel et al. 2014 ). Future submm observations should test this scenario by searching for emission from cool dust in the inner disks of the proplyd candidates.
Stellar Mass Loss and the Hot Gas Associated with Sgr A*
To first order, the diffuse X-ray emission centered on Sgr A* is fit by an optically-thin thermal plasma with kT = 3.5 keV, total X-ray luminosity in the 2-10 keV band ∼ 3 × 10 33 erg s −1 , and mass ∼ 1 × 10 −3 M (Baganoff et al. 2003; Wang et al. 2013) , implying a mean number density n H ≈ 140 cm −3 . This material is usually presumed to be accreting onto Sgr A*, and there is indeed evidence for an associated non-thermal component arising from the gas falling in towards Sgr A* (Wang et al. 2013) . The Bondi accretion rate onto Sgr A* is ∼ 10 −5 M yr −1 , but this is likely an overestimate given that Sgr A* is not embedded in a uniform zero angular momentum medium. Sub-mm polarization measurements indicate that the accretion rate close to the event horizon is ∼ 10 −7 -10 −9 M yr −1 , depending on assumptions about the magnetic field (Marrone et al. 2007 ).
This gas is generally thought to be supplied by the combined winds of the mass-losing young stars in the central parsec of the Galaxy, which are estimated to supply material to Sgr A* at a rate of a few times 10 −6 M yr −1 (Coker & Melia 1997; Rockefeller et al. 2004; Cuadra et al. 2006 Cuadra et al. , 2008 . However, the discovery of populations of young stars within the S-cluster which consists of ∼16 B dwarfs and 3 O stars on highly-eccentric orbits within 1 , begs the question whether mass loss from these stars plays a dominant role in supplying gas to the vicinity of Sgr A*. Loeb (2004) suggested that mass loss from the S-stars could explain this hot gas. In this picture winds from the stars are shocked to high temperature because of the high orbital speeds of the S-stars. To attain a shock temperature of 3.5 keV requires a shock speed ∼ 1700 km s −1 , which corresponds to the Keplerian speed at 6 mpc (0. 15) from Sgr A*. Loeb (2004) suggested that the S-stars were OB or WR stars with powerful winds, but it is now known that they are mainly B stars. Theoretical calculations suggest that B stars have individual mass loss rates < ∼ 10 −8 M yr −1 (e.g. Vink, de Koter & Lamers 2000; Puls, Vink & Navarro 2008), insufficient to replenish the hot gas. However, the mass loss rates are known to be severely underpredicted, and recent modeling of the shells blown in molecular clouds by young A and B stars suggests far higher rates, ∼ 10 −7 -10 −6 M yr −1 (Offner & Arce 2015) . Thus, the suggestion that the wind created by the merging of individual stellar winds from the B stars in the S-star cluster expands and excludes the shocked winds from O and WR stars in the central parsec of the Galaxy (c.f. Loeb 2004) The increasing evidence for YSOs within arcsecond of Sgr A*, such as the sources RS5 and P8 as discussed in this paper, suggests that YSOs may be intermingled with the disk and S-star populations. As pointed out earlier, the so-called G2 cloud could be another low-mass YSO candidate orbiting Sgr A* (Scoville and Burkert 2013).
The young, massive stars within ∼ 0.05pc -0.5pc of Sgr A*, a fraction of which are found on the so-called clockwise rotating disk, are formed between 2.5 and 6 Myrs ago (Lu et al 2009) . Thus, it is reasonable to assume that a population of lower mass stars, with attendant protoplanetary disks, is also present. The IMF is not as top-heavy as originally thought, but still somewhat flatter than the Salpeter or Kroupa IMFs, with φ(M ) ∝ M −1.75 (Lu et al. 2013) . Of the 31 K s ≤16 magnitude stars that reside within the projected distance of 1 from Sgr A*, 16 are B stars, 3 are O stars, and 12 are late-type stars, of which 16 B stars and 3 late type stars are likely to be true members after correcting for contamination by foreground and background stars (Genzel et al. 2010) . Extrapolation down to solarmass stars is fraught with uncertainty but assuming that there are ∼16 young stars within the S cluster with masses exceeding 3.5 M implies about 120 stars with masses between 0.5 and 3.5 M . If these stars, which presumably have ages ∼ 3 × 10 6 years still possess disks, then are exposed to the intense radiation from the OB stars in the central 0.5 pc (G 0 ∼ 10 5 ) they will collectively lose mass by photoevaporation at a rate ∼ 10 −6 M yr −1 . In addition, material mass will be tidally stripped from these disks. Here, we assumed that B-type main sequence stars are formed the same time as the population of OB and WR stars beyond the inner 1 of Sgr A*. The truncation radius for stellar mass M is r t ≈ (2M * /M BH ) 1/3 r ≈ 8 AU (M/ M ) 1/3 (r/5 mpc) where r is distance from Sgr A*. Figure  12 shows a schematic diagram of how low mass stars feed Sgr A* as well as create a high pressure X-ray gas that prevent the material belong the inner 0.5 fall into Sgr A*.
The X-ray emission extends slightly beyond the S-cluster boundary suggesting that the gas is not bound to Sgr A* and instead escapes as a supersonic wind (cf. Quaetaert 2004). At some point the escaping cluster wind encounters the material supplied by the combined winds of the massive young stars beyond 0.5 pc. In our proposed scenario, the outflowing material from the S-cluster prevents this material from reaching within 1-2 of Sgr A*. Our interpretation of the diffuse X-ray emission associated with Sgr A*, due to an expanding hot wind fed by the S-cluster (whether B stars or low-mass YSOs or both), yields a very different estimate of the accretion rate onto Sgr A* than the standard picture. Instead, a small fraction of the stellar winds injected very close to Sgr A* is captured by the black hole; a rough estimate of the accretion rate is obtained by using the Bondi-Hoyle accretion rate appropriate for a medium of density ρ moving by a point mass M = 4 × 10 6 M at the typical stellar orbital speed v = 4000 km s −1 , i.e.Ṁ = 4πG 2 M 2 ρ/v 3 ≈ 3 × 10 −7 M yr −1 . This estimate is likely an upper limit because it neglects any net angular momentum. The proposed model naturally reduces the accretion rate to a level consistent with submm rotation measure constraints, and removes the need for inflow-outflow solutions which magically turn most of the inflowing material around at very small radii and eject it to infinity.
Jet Activity of Sgr A*
A linear feature with an extent of ∼3 pc at a position angle of ∼ 60
• (Yusef-Zadeh et al. 2012) was recently suggested to be tracing a jet from Sgr A* interacting with the surrounding medium. Here we describe two additional features, the Sgr A East tower and cometary sources, with PAs ∼ 60
• . These features are suggestive of a jet interacting at sites near Sgr A*.
The Sgr A East Tower
We recently reported the tentative detection of a continuous linear structure symmetrically centered on Sgr A* with PAs∼ 60
• and 240
• (Yusef-Zadeh et al. 2012) . The feature is terminated by linearly polarized structures P1 and P4 ∼ 75 from Sgr A* at a PA∼ 60
• , respectively. This structure was interpreted as a mildly relativistic jet interacting with the ionized gas orbiting Sgr A*. We observed a larger region around Sgr A* and have identified additional sites of of possible interaction between this jet candidate and the Sgr A East SNR. We presented the striking tower structure 150 NE of Sgr A*. This tower is an extension of the Sgr A East shell distorted toward the NE. We note multiple bow shocklike structures at the location where the tower terminates. In addition, structural details of P1 and P4 show linear structures that are aligned along the jet candidate. Altogether, morphological structures presented at radio support a picture in which a energetic jet-driven outflow is required to explain the distortion of the Sgr A East shell, as well as the alignment of a number of sources at PAs∼ 50
• to the NE and PAs∼ 230
• − 240
• to the SW.
We adopt jet parameters γ ∼ 3,Ṁ ∼ 1 × 10 −7 M yr −1 , and opening angle 10 degrees. Then the jet pressure at the location of the tower, 150 (or 6pc) from Sgr A*, is about
. This is able to push through the thermal X-ray emitting gas filling the interior of Sgr A East at speed P jet /ρ ≈ 6 00 km s −1 , implying a crossing time ∼ 10 4 years assuming the tower is 6pc away from Sgr A*.
The jet is also able to drag a portion of the Sgr A East shell. The intensity of the synchrotron emission from the tower, i.e. 2.8 mJy per 1. 39×0. 6 beam at 1.5 GHz implies an equipartition field of 0.7 mG and a total pressure of 2×B 2 /8π ≈ 3.5×10 −8 erg cm −3 (Here we have adopted a source depth 1 pc, an E −2 electron spectrum extending between 1 MeV and 10 GeV, and assumed that the energy density in protons is 100 times that for the electrons). The jet pressure is comparable to to the magnetic pressure in the nonthermal shell of Sgr A East, thus the jet is able to push through. This picture implies that Sgr A East lies close to Sgr A*. The absorption of Sgr A West against Sgr A East (Yusef-Zadeh & Morris 1987; Pedlar et al. 1989) suggest that the NE jet must be moving away from us to be interacting with the shell of Sgr A East.
An alternative possibility that the tower is generated by the passage of a neutron star that received a large velocity kick at birth. The neutron star overtakes the remnant and produces a trail behind it as it interacts with the remnant. However, the trail behind the neutral star is expected to be narrow in this picture, unlike the observed structure of the extended base and the bow shock structures. Other SNRs also show jet-like or chimney-like structures at the edge of the remnant (e.g., Crab and CAS A), so it may be that the the Sgr A East tower is produced in the remnant by a generic mechanism that is not associated with Sgr A*.
Cometary Sources
Radio and infrared images, as described above, indicate alignment of a number of sources within few arcseconds of Sgr A* at a position angle around 50
• . These include the cometary structures X7 and X3 located SW, within 0.8 and 3.4 of Sgr A*, respectively (Muzic et al. 2007 (Muzic et al. , 2010 . Both X3 and X7 show proper motions in the direction away from the direction toward Sgr A* suggesting that the bow-shock morphology of these sources is produced by an outflow from the direction of Sgr A* and not by their motion (Muzic et al. 2007 (Muzic et al. , 2010 . We now detect two additional cometary sources F1 and F2, within 4.8 NE of Sgr A*. These sources lie within 5 of Sgr A* aligned at a PA∼ 50
• . Muzic et al. (2007 Muzic et al. ( , 2010 explain the origin of X3 and X7 in terms of an outflow either from the cluster wind interacting with the atmosphere of stars, or an outflow from Sgr A* driving a shock that produces the cometary morphology. Given that almost all the cometary sources, X3, X7, source F1 (radio cometary) and F2 (MIR cometary), have the same position angle to that of polarized sources P1 and P4 and the Sgr A East tower, a collimated outflow from Sgr A* could be better alternative to explain the origin of cometary structures.
The cometary sources are marginally resolved, implying stand-off distances equivalent to ∼ 50 mas at 8 kpc, ie. ∼ 6 × 10 15 cm. The ionized gas mass derived from the 35 GHz flux density ∼ 0.2 mJy beam −1 is ∼ 4 × 10 −5 M , and adopting a wind speed of 750 km s −1 we obtain mass loss rates ∼ 10 −5 M yr −1 and ram pressures at the stand-of distance ∼ 10 −4 dyn cm −2 . This is comparable to the jet ram pressure at ∼ 0.1 pc from Sgr A* and compatible with the projected separations of X3, F1 and X7 sources, i.e., 0.13, 0.19, 0.03 pc.
Flaring Activity of Sgr A*
One possible explanation for the ridge of radio emission is related the flaring activity of Sgr A*. Past monitoring campaigns have found evidence for time delay of ∼ 30 minutes between the peak emission at 43 and 22 GHz (Yusef-Zadeh et al. 2006 , 2009 Brinkerink et al. 2015) . This time delay is consistent with a picture in which an overpressured synchrotron emitting plasma blob at these wavelengths is initially optically thick. The blob then expands subrelativistically, peaks and declines at each frequency once it becomes optically thin. In this picture, the blob-like and arc-like structures noted in the east-west ridge of emission detected at radio wavelengths are interpreted to be expanding blobs produced by flaring activity escaping from Sgr A*. If the thermal density of expanding blobs is sufficient to overcome the external pressure, the outflow rate of thermal blobs of plasma is estimated to be et al. 2006) . The expansion blob model has successfully been applied to flaring activity of microquasars where outflows have been detected (e.g., Fender and Belloni 2004) .
Another possibility is that the ridge of radio emission results from the interaction of thermal winds from the cluster of young massive stars with the gravitational potential of Sgr A*. Wardle and Yusef-Zadeh (1992) considered a picture in which the IRS 16 stars are the source of ionized winds interacting with Sgr A*. In this picture, thermal winds are focused by Sgr A* and form blobs of hot gas in the Sgr A* ridge. Given that recent observations indicated that mass-losing stars are members of a cluster that lie in a disk orbiting Sgr A*, it is not clear how the ridge is produced asymmetrically on one side of Sgr A*.
VLBA measurements on mas scale have identified elongated structure associated with Sgr A* at 43 GHz with a position angle of 95
• (Bower et al. 2014) . These authors explain this elongation in terms of both jet and accretion disk models. The radio plume and the ridge of emission closest to Sgr A* in Figure 1a lie along a position angle similar to the intrinsic elongation of Sgr A*. This suggests that the elongation of Sgr A* might be associated with blobs of radio emission detected within the ridge but on a scale roughly 2000 times smaller than the ridge of emission from Sgr A*. The inference is that the radio sources in the plumelike and ridge structures are indirectly tracing the interaction of an outflow due to flaring activity of Sgr A* and stars located in the S cluster. The orientation of the outflow from flaring activity is not collimated by the disk so the opening angle could be large, as evidenced in the plume structure. On the other hand, the jet from Sgr A* is presumably collimated by the disk and has a different PA than that of blobs of gas ejected from the corona of the accretion disk of Sgr A* due to its flare activity.
Conclusions
Morphology
In summary, several new morphological features are revealed within the inner 30 of Sgr A*. On a scale of few arcseconds, an east-west plume-like ridge of emission appears to arise from Sgr A* toward SW. This diffuse feature shows eight radio sources within 2 of Sgr A*, two of which are extended with arc-like morphology. One of the arc-like sources RS5 faces in the general direction of Sgr A* whereas the other RS6 faces away from the direction of Sgr A*. Although the ridge of emission is seen on one side of Sgr A*, we also detect new cometary and head-tail structures (sources F1, F2 & F3) within 13 of Sgr A* to the NE at the position angle of ∼ 50
• − 60 • , pointing in the direction of Sgr A*. Two previously identified cometary sources X3 and X7 located 3 and 0.7 to the SW of Sgr A*, respectively, at a position angle of ∼ 50
• . These five cometary sources X3, X7 and F1. F2 and F3 lie within ∼ 5
• of a line passing through Sgr A*. In addition, the ionized gas along the Northern arm shows a discontinuity as the gas approaches Sgr A*. The discontinuous structure is ∼ 2.5 SE of Sgr A*. We also note that some of the ionized gas from the Northern arm shows a semi-linear feature curving around Sgr A* and giving the appearance of a cloud leaving a trail of ionized gas along its path. On a scale of 20 , we note a hollow cone-like structure, within which a striking bent filament is detected. On a scale of two arcminutes from Sgr A*, we detect a new tower-like feature which appears to be associated with the Sgr A East shell. This remarkable structure becomes narrower as it extends to the NW with a PA∼ 50
• and terminated with two bow shock like structures.
Interpretation
The identification of new structural and kinematic features within a few arcseconds of Sgr A* motivates a new scenario for the origin of the hot gas responsible for the diffuse X-ray emission associated with Sgr A*. We argued the presence of low-mass YSO candidates within the inner 2 of Sgr A* based on the morphology, size and their dust and ionized properties. We also argued that stellar winds from low mass YSOs within the S cluster merge to form a cluster wind that interacts with the surrounding orbiting ionized gas and excludes the combined winds from the massive stars in the central parsec of the Galaxy. The accretion rate of the S-cluster wind onto Sgr A* is < ∼ 3 × 10 −7 M yr −1 , helping to explain the low luminosity of Sgr A*. This is an alternative to models in which the low luminosity is due to ejection of the bulk of the material accreted from larger radii. In our picture, the cluster wind accounts the observed mass of X-ray gas within 1 of Sgr A* has a residence time of ∼ 10 3 years. This X-ray gas plays two major roles. One is that the injected material during the cooling time of X-ray gas ∼ 10 5 years expands away and leaves the inner 1 of Sgr A*. The injected ionized winds from the low-mass and/or young stars prevents the material beyond 1 of Sgr A* to reach Sgr A*. The second role of the X-ray gas surrounding Sgr A* is that the accretion rate to the injected material by stars is at least two orders of magnitude lower than the Bondi accretion rate of ∼ 10 −5 M yr −1 . This is because the injected mass from stars has a much higher velocity due to their orbital motion and is highly stirred near Sgr A*. Thus, a very small fraction of the X-ray gas accretes onto Sgr A*.
On a larger scale, we interpreted a number of cometary features and the distorted shape of the Sgr A East SNR in terms of the interaction of a collimated jet-driven outflow with the surrounding medium and impinging on stellar envelopes as well as a portion of the nonthermal Sgr A East shell. Lastly, we interpret that the east-west ridge of radio emission results from flaring activity of Sgr A*. Flares are explained in terms of expanding, over-pressured, plasma blobs that escape the gravitational potential of Sgr A*. Unlike the jet-driven outflows, the outflowing material should not be highly collimated. Finally, we note that many of these suggestions can be tested by high resolution proper motion and submm measurements. Eight radio sources are detected to the W of Sgr A* in the east-west ridge within 2 of Sgr A* (see Table 5 ). The grayscale ranges between -220 and 500 µJy beam 5, 2.75, 3, 3.25, 3.5, 4, 4.5, 5, 6, 10, 20, 30, 40, 50 ) × 10 mJy are superimposed on a grayscale 34.5 GHz image. (c) The same as (b) except that contours of K s emission with levels 2. 5, 2.75, 3, 3.25, 3.5, 4, 4.5, 5, 6, 10, 20, 30, 40 , 50) × 6.5 mJy are superimposed on a grayscale 34.5 GHz image. The bar at the top shows the grayscale range in µJy. Fig. 5.-(a) Grayscale contours of 34.5 GHz emission from a cometary radio source (source F1) that points toward Sgr A* at (-3, -1, 1, 3, 5, 7, 10, 15, 20, 25, 30 ) × 10 µJy beam−1. with a resolution of 879×448 mas (PA=-2.5
• ). The range in grayscale is between -100 and 300 µmJy beam −1 . (b) Similar to (a) except at 3.8µm with contour levels (16, 18, 20, 22, 25, 28, 34, 37) Fig. 12. -A schematic diagram of a model of the emission within the inner 1 of Sgr A* where the S cluster is located. The diffuse X-ray cluster wind is produced from merged winds of mass-losing B stars or material photoevaporating from the disks of young low mass stars that orbit Sgr A*. The X-ray cluster wind plays two roles. First, its pressure is sufficient to prevent external material beyond 1 of Sgr A* to approach Sgr A*. Second, the inner material feeds Sgr A* (c.f. Loeb 2004; Quataert 2004) .
